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INTRODUCTION. 

With  the  widespread  growth  of  electri- 
cal industries  and  the  multiplication  of  the 
uses  to  which  electricity  may  be  put,  has 
come  the  demand  for  more  and  more  efficient 
methods  of  transmission.  The  scope  of  work 
with  direct  current  was  soon  found  to  be 
limited  to  a  few  miles  at  most  from  its 
point  of  generationo  Alternating  current 
solved  the  problem  of  long  distance  trans- 
mjeeion  by  giving  us  an  easy  method  of  ob- 
taining any  desired  change  in  voltage  by 
the  use  of  transformers. 

Thus,  alternating  ciorrent  has  enabled 
central  stations  to  be  operated  which  supply 
the  electrical  power  for  whole  cities,  or 
for  large  districts.  Alternating  current  is 
now  used  everywhere  for  power  transmisr.ion. 
It  is  a  standard,  because  this  method  of 
generation,  tranRmission  and  application  of 
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electrical  energy  has  proven  to  be  by  far 
the  most  efficient  ae  regards  losses  in  op- 
eration, the  most  ecenomical  as  regards 
first  cost,  and  the  most  adaptable  to  the 
various  uses  to  which  it  is  to  be  put.  It 
has  proven  especially  valuable  in  develop- 
inQ   the  water  power  resources  of  the  world 
because  of  its  ease  of  transriiosion.  It  has 
brought  the  power  of  the  waterfall  and  the 
mountain  stream  to  places  where  it  can  be 
used. 

In  their  efforts  to  increase  the  range 
over  which  power  may  be  ecenomically  trano- 
mitted,  engineers  are  continually  attenipting 
the  use  of  higher  and  higher  alternating 
voltages.  These  high  voltages  of  course  ne- 
cessitate the  use  of  thicker,  better  and 
altogether  more  expensive  insulation,  above 
certain  values  of  voltage  the  cost  of  proper 
insulation  and  protection  has  proven  to  be 
almost  prohibitive o  The  question  of  insul- 
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atlon  lo  one  of  the  most  important  in  plan- 
ning for  high  voltage  transmisBion. 

The  work  of  engineers  to  reduce  as  much 
as  poBsible  the  cost  of  insulation  has  liad 
much  to  do  in  bringing  about  the  general  use 
of  star  connected  generators  and  transform- 
ers .  ^ith  the  star  connected  alternator  the 
voltage  to  be  insulated  against  between  line 
and  ground  -  providing  the  neutral  is 
grounded  -  is  that  of  each  coil  In  the 
generator,  while  if  the  machine  were  delta  . 
connected  and  generating  the  same  line  volta 
ago  there  is  the  possibility  that  the  the 
voltage  to  ground  from  two  of  the  lines  will 
be  equal  to  the  line  voltage,  or  1,732 
times  tliat  v;ith  the  star  connected  machine. 

Another  point  probably  equally  impor- 
tant in  favor  of  the  star  connected  alterna- 
tor is  the  fact  that  ,  using  the  same  wind- 
ings in  the  alternator,  the  star  connection 
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will  give  a  voltage  1,7??  times  that  using  a 
delta  connection,  and  with  the  sarae  safr-ty 
as  regards  insulation.  Or,  turning  it  around, 
if  we  wish  to  keep  the  line  voltage  the  same 
the  voltage  to  be  insulated  against  in  the 
alternator  windings  using  the  delta  corjicc- 
tjcn  will  be  1.75S  times  that  trhero  the  star 
connection  is  used.  This  means  ttiat  a  great 
saving  may  be  effected  in  the  construction 
of  alternators  by  using  the  star  connection. 
There  is  also  a  possibility  that  there  may 
be  a  saving  in  the  weight  of  iron  used  in 
the  core,  but  this  is  somewhat  doubtful.  For 
the  same  line  currents  the  two  machines  will 
have  the  same  capacity,  and  the  weight  of 
copper  in  the  windings  will  also  be  the  saime. 
However  the  saving  in  insulation  alone  has 
caused  the  star  connection  to  be  used  almost 
universally. 

These  benefits  of  the  star  connection 
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are,  cf  course,  to  bn  had  only  when  the 
neutral  point  of  the  vrinding  in  lead  out  and 
grounded.  At  leaet,  It  muat  be  connected  to 
that  element  or  part  of  the  apparatus  from 
which  it  is  necessary  to  insulate.  If  this  is 
not  done  there  is  a  possibility  that  the 
point  of  zero  potential  may  become  displaced 
and  bring  great  strain  on  the  insulation  of 
one  or  more  lines  of  the  transmission  line, 
or  of  coils  of  the  alternator. 

When  attempts  were  first  made  to  oper- 
ate alternators  in  parallel  with  the  neu- 
trals of  both  machines  connected  to  ground 
a  great  deal  of  trouble  was  experienced.  It 
was  found  that  imder  certain  coiiditions  an 
enormous  current  was  set  up  in  the  neutral, 
and  tiiat  currents  of  one-third  that  value 
appeared  in  the  lino  wires.  ITujnerous  severe 
accidents  were  met  with  at  first,  and  as  a 
result,  a  great  deal  of  experimenting  and 
study  was  done  on  this  subject  by  those  inter- 
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eeted.  The  follovring  Is  a  brief  BUEmary  of 
the  investigations  of  some  of  the  men  who 
have  studied  the  cause  and  action  of  neutral 
currents. 

E.t:.  Farchant  and  J.  K.  Catterson-Smyth 
in  an  article  printed  in  "  The  Electrician  " , 
August  6,  1909,  explain  the  folloving  points 
concerning  the  neutral  currents  in  star  con»- 
neoted  apparatus. 

(1)  The  neutral  curroiits  are  due  to  the 
resultant  voltages  of  higher  frequency  than 
the  fundamental.  The  alternating  current 
generator  windings  are  separated  by  60  elec- 
trical space  degrees  so  that  the  e.n.f's 
generated  are  identical  in  wave  fom  but 
their  maximum  points  are  separated  by  CO 
electrical  time  degrees.  Hence  the  line  vol- 
tage cannot  contain  triple  harmonics  or  its 
multiples  for  the  addition  of  the  line  vol- 
tage waves  at  60  degrees  difference  in  pliase 
cancels  all  the  harmonics  that  have  a  freq- 
uency that  is  a  multiple  of  three. 
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{£)   There  can  be  no  triple  frequency 
currents  or  its  multiples  unless  the  neutrals 
of  the  system  are  connected  directly  or  through 
the  ground.  If  a  neutral  connection  is  prov* 
ided  between  the  machines  and  the  phase 
e.in.f ,  wave  forms  of  the  machines  differ 
the  local  circuits  will  carry  currents  due 
to  the  resultant  of  the  e.m.f's  of  higher 
frequency.  The  triple  frequency  currents  in 
each  machine  are  in  pha5  3  with  each  other, 
provided  the  windings  are  symnetrical,  hence 
the  current  flowing  in  each  neutral  will  be 
three  times  as  large  as  the  triple  freql^ency 
current  in  each  winding. 

In  the  "  Electric  Journal  "  for  April 
1907,  Geo.  I.  Rhodes  explains  that  these 
local  currents  may  be  caused  by  phase  dis- 
placement between  the  machines,  or  a  change 
of  magnitude  or  frequency  of  one  of  the  gen- 
erators^ These  changes  may  be  caused  by  a 
change  in  excitation,  a  momeiitary  fluctuat- 
ion of  angular  velocity,  or  by  a  permanent 
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change  in  driving  torqvte  of  one  of  the 
machines . 

(3)  A  three  phase  winding  is  as  a  whole 
non-inductive  to  triple  frequency  currents 
if  each  phase  carries  a  triple  frequency 
current  of  equal  magnitude,  unless  there 
is  an  appreciable  amount  of  slot  leakage 
flux.  The  adjacent  coils  neutralize  each 
other  as  far  as  any  magnetomotive  force 
acting  on  the  main  magnetic  circuit  due  to 
the  triple  frequency  current  is  concerned, 
so  that  the  only  reactance  to  the  triple 
frequency  currents  is  the  slot  leakage 
reactance.  The  amoiint  of  the  slot  leakage 
flxiK  depends  upon  the  shape  of  the  slots, 
the  length  of  the  air  gap,  the  distribution 
of  the  winding,  and  the  total  number  of  con- 
ductors. For  a  given  voltage  at  a  frequency 
the  turbo-alternator,  in  comparison  with  the 
slow  speed  alternator,  has  fewer  stator  con- 
ductors, wide  slots,  and  a  long  air  gap, 
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hence  the  triple  frequency  plienomena  have 
been  noro  noticeable  in  the  turbo-alternator 
system  .  VJhilc  it  is  possible  that  a  current 
of  any  frequency  ,  which  is  a  multiple  of  three 
times  the  fLindamental  frequency,  should  flow 
around  the  local  circuit,  it  is  always 
likely  that  the  main  component  will  be  of 
triple  frequency  since  the  reactance  due 
to  slot  leakage  will  be  proportional  to  the 
frquency  and  will  therefore  tend  to  decrease 
the  current  components  as  the  frequency  in- 
creases. 

(4)  The  neutral  currents  cause  addition- 
al heating  in  the  machine  windings  and  re- 
duce the  power  factor  of  the  machine  carry- 
ing them.  The  method  of  determining  the  best 
power  factor  for  any  individual  machine 
coupled  to  the  busses  would  be  to  find  the 
excitation  at  which  the  current  flowing 
through  its  neutral  ia  a  minimum. 
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PROPOSED   EXPERIMENTS . 

With  the  available  laboratory  apparatus 
we  Irish  to  make  a  close  study  of  the  neutral 
current  phenomena  in  three-phase  star  con- 
nected apparatus.  A  list  of  the  apparatus 
at  our  disposal  and  of  the  proposed  exper- 
imentD  follow. 

Apparatus : 
#1  -  Alternating  Current  Generator  #65446 
Made  by  the  General  Electric  Company. 
Type   A  T  B 
Class   6  -  35  -  1200 
Form  B  Amperes  -  72.  Pull  Load  V.  -  120. 

#2  -  Alternating  Current  Generator  #65447 
Same  specifications  as  Ij^   65446. 


#S  -  Alternating  Current  Generator  :^8248, 
Made  by  the  Western  Electric  Company. 
Type   S  5  B  0  1200  R.  P.  H. 

30  K.W.  1100  Volts. 

Phase.  60  cycles. 
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Three-Phase  Transformer  *  268408. 

i'ade  by  General  Flectric  Company. 

Type  H  Form  A. 

15  K.W.  25   Cycles. 

Volts   1100/1905      -   110/220/440. 

Core  Type. 

Three  Similar  Single-Phase  TransformerB. 
Made  by  the  General  Electric  Company. 
Nos.   229426  -  229427  -  22942°  . 
Type  H.     Form  E.     25  Cycles. 
Volts  1100/2200   -  110/220/440  . 
5  K.W,  Gore  Type. 

Three  Similar  Single-Phase  Transformers. 

Made  by  the  Festinghouse  Electric  &  M'f'g  Go 

Nob.   123782  -  122783  -  123784  . 

Style   10171. 

Volts    1050     -    420/210 

5  K.W.  Shell  Type. 
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The  ©scillograph. 
Ammeters . 
Voltmeters. 
Rheostats, 
Frequency  Meters. 
Lamp  Banks, 

Experiments: 
No.  1  - 

To  study  the  effects   on  the  wave  shape 
and  value  of  neutral  currents  between  two 
similar  alternators  running  in  parallel 
caused  "by  exciting  them  to  give  various  dif- 
ferences in  voltage,  and  also  the  effect  of 
operating  them  in  parallel  with  a  permanemt 
phase  displacement  between  them. 
No.  2  - 

To  study  the  neutral  current  inter- 
changed between  an  alternator  and  a  set  of 
three  single-phase  shell  type  transformers 
connected  star.  Repeat  using  core  type  in- 
stead of  shell  type  transforraerp  and  compare 
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the  results  of  the  two  teste. 
No.  3  - 

To  investigate  the  effect  upon  the 
sliape  and  value  of  neutral  current  waves  be- 
tween an  alternator  and  a  act  of  single-phaeo 
shell  type  trancforrcers  due  to  the  operation 
of  the  transformers  at  various  flux  densit- 
ies up  to  above  normal  value. 
No.  4  - 

To  operate  in  parallel  two  alternators 
having  dissiinilar  characteristics  and  study 
the  current  which  flows  in  the  connection 
between  their  neutrals. 
Ho.  5  - 

To  study  the  netitral  current  with  re- 
spect to  vj-ave  shape  and  value  which  flows 
between  the  neutrals  of  an  alternator  ajid  a 
three-pliase  transformer  to  which  the  alter-- 
nator  is  connected.  Various  excitations  are 
to  be  uoed,  ar.'^  a  comparison  made  with  the 
results  obtained  in  experiment  IIo.  3. 
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Exporiment  No.  1. 

In  thin  experiment  generators  No.  1  and. 
Ho.  2  are  operated  in  parallel.  Each  generat- 
or is  driven  "by  a  diroot  c^orrent  shunt  wound 
motor.  The  motors  are  supplied  from  the  samo 
system.  This  direct  current  sjitstera  carries 
the  regular  house  lighting  and  power  load, 
and  on  account  of  this  fact  the  parallel  op- 
eration of  the  two  generators  if?  not  very 
satisfactory. 

By  means  of  the  oscillograph  the  wave 
shape  of  coil  and  line  voltage  of  ecch  ma- 
chine is  obtained.  Then  the  two  machines  are 
synchronized,  the  neutral  being  open,  and  a 
study  made  of  the  effect  -upon  the  neutral 
voltage  between  machines  oaxisod  by  varying 
the  fields  of  the  two  generators.  In  order 
to  exaggerate  the  neutral  voltage  one  ma- 
chine is  motored  slightly  by  atrengtliening 
its  direct  current  motor  field.  Oscillograms 
of  the  voltages  ai^o  taken,  but  on  account  of 
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the  unsteadiness  of  the  direct  current  sup- 
ply it  is  impossible  to  keep  conditions  con- 
stant long  enough  to  observe  the  different 
values  of  voltage  and  current.  Next  a  bal- 
anced load  of  incandescent  lajnps  is  fed  from 
the  bus  bars  of  the  two  generators  operating 
in  parallel  with  neutral  closed,  and  the 
wave  form  of  the  line  current  and  neutral 
current  is  obtained. 
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OBclllograra  No.  1  shows  the  coil  and  line 

voltage  wave  sliapos  of  generator  No.  2.  This 

was  photographed  with  the  machine  normally 

excited  and  runriing  at  60  cycles.  E  is  the 

line  voltage,  and  E^  in  the  coil  voltage.  An 

c 

examination  of  the  curves  shows  that  the  line 
voltage  contains  a  thirteenth  harmonic  and 
the  coil  voltage  contains  a  ninth.  The  fact 
that  no  third  or  multiple  of  the  third  ap- 
pears in  the  line  voltage  while  a  ninth  does 
show  in  the  coil  voltage  hears  out  the  state- 
ment made  "by  ilarchant  and  Catterson-Smyth 
as  quoted  in  the  Introduction. 
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OBclllogram  No.  2   shows  the  coil  and 
line  voltage  wave  shapes  of  generator  ITo.  1 
photographed  under  norraal  conditions  of  op- 
eration. Generators  !To.  1  and  !Io.  ?  are  of 
similar  design  and  size,  and  being  operated 
under  the  same  conditions,  the  wave  shapes 
are  practically  the  same.  As  with  generator 
No,  2,  the  line  voltage  shows  the  thirteenth 
harmonic  and  th^  coil  voltage  shows  a  ninth 
harmonic. 
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Oecillograin  No.  ?  Is  a  photograph  of 
the  wavG  shapeo  of  "bus  bar  voltage  and  volt-» 
age  between  generator  neutrals  taken  with  the 
aachines  operating  in  parallel.  E  ia  the  bus 
bar  voltage  wave  and  Ej-^  is  the  wave  of  volt- 
age between  neutrals.  The  extra  wave  io  a 
partial  repAtltion  of  the  bus  bar  voltage 
caused  by  the  shutter  remaining  opon  for 
more  than  one  revolution  of  the  film  cyl- 
inder. The  bus  bar  voltage  wave  is  shown 
to  be  practically  the  same  in  shape  as  the 
line  voltage  wave  of  each  machine  when  oper- 
ated alone.  The  thirteenth  harmonic  appears 
quite  distinctly.  The  voltage  between  neut- 
rals shows  a  comparatively  strong  ninth 
harmonic  and  a  third  of  small  value.  Ac- 
cording to  Marchant  and  Catterson-Gmyth  the 
third  is  ordinarily  larger  than  the  ninth 
but  in  this  case  the  ninth  liarmonic  is  much 
larger  than  the  third.  However  the  state- 
ment made  by  these  gentlemen  that  the  neutral 
current  consists  only  of  a  third  and  multi- 
ples thereof  is  borne  out. 
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Osclllosram  Ho.  4  again  shows  the  bus 
bar  voltage,  E,  and  the  voltage  between  neu- 
trals, Eyj,   This  shows  the  effect  on  the  neu- 
tral voltage  of  operating  the  two  alternat- 
ors in  parallel  with  their  field  excitations 
different.  Before  paralleling  ,  the  field 
of  No.  1  was  adjusted  to  give  120  volts  and 
!To.  2  field  to  give  100  volts.  After  paral- 
leling ,  the  bus  bar  voltage  was  110  volts 
and  the  voltage  between  neutralsl.5  volts. 
This  condition  of  operation  apparently  has 
no  effect  on  the  bus  bar  voltage  for  the 
wave  shape  is  prR,ctically  the  same  as  ob- 
tained in  the  previous  oscillogram.  The 
neutral  voltage  wave  still  shows  the  pres- 
ence of  a  third  and  a  ninth  harmonic  but 
in  this  case  the  third  is  of  much  the  great- 
er value.  IText,  the  machines  were  paralled 
with  their  voltages  adjusted  to  130  and  90 
volts.  After  paralleling  ,  the  bus  bar 
voltage  was  ITO  volts  and  the  voltage  be- 
tween neutrals  3  volts. 
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Oscillogram  No.  5  is  a  photograph  of 
the  "bus  bar  voltage  wave  with  No.  1  and  No. 
2  alternators  operating  in  parallel,  and  the 
voltage  wave  between  their  neutrals.  In  or- 
der to  study  the  effect  of  phase  displaco- 
sient  between  the  alternators  upon  the  neu- 
tral voltage,  the  shunt  firld  of  the  motor 
driving  No.  1  generator  "ras  strengthened 
slightly  so  as  to  cause  No.  1  generator  to 
motor.  Due  to  the  unsteadiness  of  the  house 
supply  from  which  the  direct  ctirrent  motors 
were  supplied,  steady  operating  conditions 
could  not  be  obtained.  At  times  the  exchaiige 
of  current  between  the  machines  was  excess- 
ive, and  this  accounts  for  the  peculiar  con- 
ditions shown  in  the  photograph. 

For  some  unexpiainable  reason  there  is 
a  ninth  harmonic  appearing  in  the  bus  bar 
voltage.  The  neutral  voltage  wave  still 
shows  the  third  and  ninth  harmonics.  The 
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third  is  of  much  greater  value  than  the 
ninth.  By  a  comparison  of  oacillograms  No. 
3,  No,  4,  and  ilo.  5  it  is  evident  that  as 
the  neutral  voltage  inoroaaes  the  third 
hanaonio  becomes  aore  predominant  and  tends 
to  determine  the  neutral  wave  shape.  This 
fact  is  clearly  shown  in  otscillogram  No.  5. 
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Oscillogram  No.  3  showa  the  neutral 
current  oetwoen  alternators  No.  1  and  Ho.  2 
operating  in  parallel,  trie  bua  bar  voltage, 
and  the  line  current  feeding  a  balanced  in- 
candescent lamp  load.  S  ie  the  bus  bar  volt- 
age, I  is  the  line  current,  and  I   is  the 
neutral  current. 

E  =  110  volts 

I  =  21 .5  amperes 

1=4  amperes 
n 

The  neutral  current  is  made  up  of  a 
third  harmonic,  a  ninth,  and  a  small  fund- 
amental. The  presence  of  this  fundamental 
in  the  neutral  may  be  acco^antea  for  by  a 
difference  of  resistance  in  the  leads  con- 
necting the  alternators,  by  a  slight  dif- 
ference in  generated  coll  voltage,  or  by  an 
unbalanced  load.  Any  one  of  these  conditions 
would  allow  part  of  the  line  current  to  re- 
turn on  the  neutral  connection. 
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Exporiment  No.  2. 

In  experi'.iont  Mo,  2,    alternator  Ho.  2 
is  connected  in  ntar  to  the  low  side  of  a  set 
of  three  star  connected  shell  type  singlo- 
phase  10  :  1  transformers.  The  secondaries 
of  the  transformers  are  connected  delta  to  a 
10  :  1  tloree-phase  trans foririer  in  order  to 
step  down  the  voltage  to  feed  a  load.  All 
values  and  wave  shapes  are  taken  between  the 
generator  :ind  the  transformers  with  no  load, 
and  with  the  neutral  between  the  generator 
and  set  of  transformers  open. 

The  shapes  and  values  of  the  line  volta 
age  ,  the  voltage  from  line  to  neutral,  the 
voltage  "between  neutrals,  and  the  line  or 
exciting  current  are  obtained.  Then  with 
the  neutral  closed  and  no  load  on  the  trans- 
formers, the  values  and  shapes  of  the  neu- 
tral current,  the  line  current,  and  the  coil 
voltage  are  obtained.  A  balanced  lamp  load 
is  then  connected  and  again  the  values  and 
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shapes  of  the  line  current  ,  the  neutral 
ciorrent  ,  and  the  coil  voltage  are  obtained. 
In  order  to  compare  core  and  shell  typo 
transformers  a  set  of  core  typo  transform- 
ers is  substituted  for  the  shell  type  ,  the 
method  of  connection  being  kept  as  before, 
and  with  a  balanced  lamp  load  connected  the 
values  and  shapes  of  lino  voltage  ,  line 
current  ,  and  neutral  current  are  obtained. 
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Oscillogram  No, 8  shows  the  following 
wave  shapes:  line  voltage  ,  coil  voltage  , 
and  voltage  between  the  generator  neutral 
and  the  transformer  neutral.  The  line  voltage 
shows  a  thirteenth  harmonic.  This  is  also 
true  of  the  coil  voltage  .  The  neutral  is 
composed  of  a  ninth  harmonic  and  a  small 
third. 


Oscillogram  Ilo.  9  is  a  photograph  of  the 
wave  shapes  of  coil  voltage  ,   voltage  between 
neutrals  ,  and  of  the  transformer  exciting 
current  when  the  neutrals  are  not  connect- 
ed. The  value  of  the  exciting  current  was 
1.3  amperes. 
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The  effect  of  closing  th^  neutral  con- 
neotion  upon  the  oxciting  current  is  plainly 
shown  in  oscillogreun  ITo.  10.  The  value  of 
exciting  current  increased  from  1.3  to  ".4 
amperes.  The  ahape  of  the  exciting  current 
■wave  with  neutrals  open  was  approximately 
a  sine  wave  as  shown  in  oscillogram  No.  9. 
With  the  neutrals  closed  ,  tliat  portion  of 
the  neutral  current  which  returns  on  the 
line  has  "badly  distorted  the  line  current 
wave.  The  neutral  current  wave  is  made  up 
of  a  strong  ninth  harmonic  and  a  wealc  third 
and  has  introduced  these  harmonics  into  the 
line  current  wave.  The  value  of  the  neutral 
current  was  6.3  amperes. 
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Oscilloeram  Ho.  11  shows  tlie  effect  on 
the  neutral  and  line  current  wave  shapes 
caused  by  supplying  a  balanced  incandescent 
lamp  load  from  the  transf orners .  As  bofore 
the  waves  are  of  line  current  ,  neutral  cur- 
rent ,  and  coil  voltage. 

Line  current  =10.6  amperes 

Neutral   •»    =  9      " 

Coil  voltage  =  68  volts. 
The  effect  of  an  increase  in  neutral 
current  upon  its  wave  shape  mentioned  in  ex- 
periment No.  1  is  again  evident  here.  A  com- 
parison with  oscillogram  No.  10  shows  that 
the  increase  in  neutral  current  has  strength- 
ened the  third  harmonic  much  more  than  it  has 
the  ninth. 

The  line  current  wave  still  shows  the 
effect  of  the  third  and  ninth  harmonics  in- 
troduced by  the  neutral  current  but  due  to 
the  load  on  the  transformers  the  fmidamental 
wave  has  increased  in  value  to  such  an  ex- 
tent that  its  distortion  is  not  so  pronouncdd. 
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Oscillogram  ilo.  7  was  made  in  ordnr  io 
compare  tiie  wavo  sliapes  of  line  and  neutral 
current  using  a  set  of  core  type  transform- 
ers witli  tiione  obtained  when  using  the  sot 
of  shell  type  transformers  for  oscillogram 
No.  11.  The  conditions  were  identical  with 
those  lander  which  oscillogram  No.  11  was  tak- 
en hut  in  making  the  connections  the  neutral 
current  wave  was  reversed.  The  comparison 
shows  that  the  effect  upon  the  line  and 
neutral  currents  of  the  two  types  of  trans- 
formers is  practically  the  same. 
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Experiment  llo.  3. 

It  is  now  desired  to  study  the  neutral 
current  between  an  alternator  having  differ- 
ent characteristics  tiian  TIo.  P   which  was 
previously  used  and  a  set  of  three  single- 
phase  star  connected  transforaors.  In  this 
case  it  is  especially  desired  to  doternint 
the  effect  on  the  shape  and  value  of  the 
neutral  correJit  and  voltage  v.-avce  due  to  the 
operation  of  tlie  transformers  at  various 
flux  densities  up  to  the  point  of  saturation, 
or  at  least  to  a  value  far  above  normal. 

In  order  to  obtain  these  conditions  the 
apparatus  is  connected  in  the  following  man- 
ner. Generator  No.  3  is  run  at  a  frequency 
of  30  cycles  and  excited  to  give  a  maximum 
of  280  volts  between  line  and  neutral.  The 
three  single-phase  Westinghouse  shell  type 
transformers  are  connected  to  give  a  ratio 
of  SrO  to  1100  volta,  and  the  low  sides  con- 
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nected  in  star  to  tiic  leads  from  flo,   5  gen- 
oi-ator.  The  Mgh  sidec  are  also  connected 
star  to  tho  higli  aide  of  a  three-Oiiaso 
transformer  r/iiicn  stops  the  voltage  down  so 
that  an  incandescent  laoip  load  nay  be  car- 
ried. The  banlcs  of  lampn  are  connected  in 
star  so  that  they  may  receiva  the  correct 
voltage  for  their  operation. 

The  generator  is  then  operated  at  volt- 
ages from  line  to  neutral  ranging  from  140 
to  C80  volts,  and  a  study  is  made  of  the  nyu- 
tral  current  and  voltage  under  all  condit- 
ions. The  oscillograph  is  used  to  get  the 
■wave  sioapeo  of  the  various  voltages  and  cur- 
rents. The  neutral  is  first  left  opon  and 
oscillograms  are  obtained  of  tho  line  and 
coil  voltages  and  voltage  betvreen  neutrals 
for  the  different  excitaitions.  A  series  of 
runs  is  made  to  determine  the  value  Ox    volt- 
age between  neutrals  at  avrioias  excitations 
of  the  generator  froui  a  coll  voltage  of  140 
volts  to  one  of  280  volts. 
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The  neutralB  are  thon  connected  and 
ciirveo  are  talcon  of  tiio  line  and.  neutral 
currents  and  of  tlie  coil  voltage.  This  is 
repeated  for  different  excitations. 

The  effect  of  connecting  the  high  aide 
of  the  singls-phase  transfor.ners  delta  in- 
stead of  star  ir.  now  studied.  This  connect- 
ion is  made,  and  the  lamps  are  changed  to 
delta  connection  in  order  that  thpy  may  still 
receive  their  proper  voltage.  A  study  is 
then  made  of  the  wave  shapes  of  the  neutral 
current  and  the  line  ciirrent.  As  beforo,  a 
series  of  runs  is  made  to  detornine  the  val- 
ue of  voltage  "between  neutrals,  and  of  tho 
current  circulating  through  or  around  the 
delta  at  various  values  of  coil  voltage.  The 
oscillograms  taken  are  of  line  current,  coil 
voltage  and  neutral  voltage  with  the  neu- 
tral open.  The  neutral  is  then  closed  and 
the  curves  of  line  and  neutral  curront  and 
coil  voltage  are  taken. 
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Oacillo^ram  l^os.  IT  ,  1?  ,  17  ,  in  , 
show  tlie  wave  shapes  of  coil  voltage  and 
voltage  between  neutrals  taken  with  No.  5 
alternator  connected  to  the  three  shell  type 
tranaformera.  Theoe  oecillograms  were  obtain- 
ed to  determine  the  change  if  any  in  the 
neutral  voltage  wave  shape  cauned  by  operat- 
ing the  transformer  cores  at  different  flux 
densities. 

For  oscillogram  !Io.  17  the  different 
values  were  - 

Coil  voltage  -  9.00   volts 
Neutral   "    =  58    " 
Line  current  =  3   amperes . 
The  neutral  voltage  wave  approximates 
very  closely  a  sine  wave  of  triple  frequency 
but  a  close  examination  reveals  a  very  small 
twenty-first  1-iarmonic.  The  coil  voltage  wave 
shows  a  strong  third  harmonic  combined  with 
a  comparatively  reak  twenty-first  and  this 
fact  accounts  for  the  high  value  of  the  trip* 
le  frequency  neutral  voltage. 
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Oscillogran  No.  IS  was  taken  xindor  the 
same  conditions  as  those  for  No.  17  except 
a  change  of  excitation. 
The  values  vrere 

Coil  voltage  =  2?0  volts 
Neutral  "   =  71    " 
Line  voltage  =  400   " 
The  shape  of  coil  and  neutral  voltage 
waves  are  practically  the  sane  as  before  ex- 
cept that  the  tT7enty-f irst  harmonics  appear 
to  be  stronger.  The  line  voltage  wave  shows 
the  presence  of  a  small  twenty-third  harmonic > 
This  twenty-third  liarmonic  also  shows  in  the 
line  current  wave  of  No.  17, 


The  values  of  currAut  aixd  voltages 

when  oscillograjn  No.  IB  wac  taken  were  - 

Line  current  =  5  amperes 

Coil  voltage  =  260  volts 

Neutral  "   =  100   "   . 

Through  an  errer  the  neutral  voltage 

•wave  is  labeled  I   ,  instead  of  E   .  All 

n  '  n 

three  waves  are  of  practically  the  same 
shape  as  those  of  oscillogram  No.  17. 


Oscillograjn  Ko.  13  shows  the  three  waves 
when 

Line  voltage  =  4f7B  volts 
Coil    "    =  270   " 
Neutral  "    =  ]10   " 
Here  again  the  wave  shapes  have  renain- 
ed  apparently  unclaanged. 
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From  the  results  of  these  four  tests  , 
in  which  all  conditions  liave  been  kept  con- 
stant except  the  generator  field  excit- 
ation ,  it  niay  bo  stated  that  the  only  effects 
of  chan^-ing  the  flux  densities  of  the  transform- 
ers have  been  to  increase  the  difference  of 
voltage  bctvreen  neutrals  ,  and  to  cause  the 
twenty-first  harmonic  in  this  voltage  to 
become  more  prominent. 

To  determine  the  effect  upon  the  volt- 
age between  neutrals  of  varying  the  generat- 
or field  excitation  a  complete  test  was  run. 
During  the  test  the  generator  coil  voltage 
was  varied  from  140  to  ?80  volte  and  the 
line  current  and  the  voltage  between  neutrals 
noted  after  each  variation.  The  results  of 
the  test  are  tabulated  and  a  curve  drawn 
showing  the  relation  between  tho  coil  volt- 
age and  neutral  voltage.  A  study  of  this 
curve  will  show  that  tho  increase  of  voltage 
between  neutrals  is  nearly  proportional  to 
the  increase  of  coil  voltage  imtil  the  norm- 
al flux  density  ,  which  occurs  at  P^O   volts, 
is  reached.  Beyond  tBiis  point  the  ratio  of 
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OscillcgraiEs  No.  ]4,  Ho.  15,  and  No.lG 
show  the  wave  shape  of  coil  voltage,  line 
current,  and  neutral  current  for  the  sane 
connection  used  in  the  previous  oscillograms 
of  this  ezpericent  except  tlmt  the  neutral  '. 
is  connected.  TTo,  14   was  taken  with 
coil  voltage  =  160  volts 
line  current  =  C.5  amperes 
neutral  current  =  .25   apperee 
The  line  current  wave  is  approximately 
a  sine  wave.  The  neutral  current  wave  is  of 
triple  frequency  and  also  approximates  a 
sine  wave. 

For  oscillogram  No.  15 

coil  voltage  =  2S0  volts 
line  current  =  3.75  amperes 
neutral  current  =  .5  amperes 
This  increase  in  excitation  has  appar- 
ently had  no  effect  upon  the  wave  shapes . 
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The  filir-  from  which  ITo.  16   was  printed 
wac  so  dim  that  it  had  to  be  retouched.  As  a 
result  it  is  somewhat  inaccurate,  "but  shows 
that  the  wave  shapes  have  not  materially 
changed.  The  values  vrero 

coil  voltage  =  280  volts 
line  current  =  6  amperes 
neutral  current  =1.4  amp ores 
These  three  tests  further  verify  the 
results  obtained  in  the  first  part  of  this 
experiment  since  the  wave  shapes  have  re- 
mained unchanged  throughout  the  range  of 
excitations. 
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In  order  to  study  the  effect  upon  the 
neutral  current  caused  by  connecting  the  sec- 
ondariee  of  the  three  trancforniers  delta  in- 
stead of  star,  oscillograms  ITo,  10  and  No.  P.O 
were  taken.  All  other  connectiono  remained 
as  they  were  in  the  fir.st  part  of  thin  ex- 
periment. Oscillogram  IIo.  10  shows  the  coil 
voltago  and  line  and  neutral  current  v:avcs. 
Their  values  at  the  tino  the  photograph  was 
taken  were 

coil  voltage  =  J?00  volts 
line  current  =  3.5  amperes 
neutral  current  =  6  amperes 
It  is  interesting  to  note  that,  although 
the  same  alternator  and  transformers  were 
used  in  this  test  that  had  been  used  for  the 
previous  tests  in  this  experiment,  the  coil 
voltage  wave  sliape  has  br-en  groBttly  changed. 
In  the  previous  tests  the  coil  voltp.ge  wave 
consisted  of  a  fundamental  combined  with  a 
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small  twenty-third  harmonic.  The  change  in 
seconsary  connections  has  caused  the  coil 
voltago  Trave  to  "become  very  flat  topped  with 
almost  straight  sides.  Thic;  shape  is  ac- 
counted for  by  the  eombination  of  the  funda- 
mental with  a  third  and  a  fifth  harmonic.  As 
before,  a  small  twenty- third  harmonic  also 
appears  in  the  coil  voltage. 

The  open  circuit  coll  voltage  wave 
shape  of  No.  ?  alternator  is  shown  by  oscill- 
ogram No.  2\    to  be  approximately  a  sine  waveii 
The  change  in  coil  volta^-e  wave  shape  must 
have  been  caused  by  the  line  current  flow- 
ing through  the  alternator.  The  harmonics  in 
the  line  current  may  be  assumed  to  have  acted 
independently,  through  armature  reactance 
and  reaction  against  the  field,  upon  the 
coil  voltage  and  in  this  manner  produced  the 
wave  shape  shown  in  Ilo.  10, 

The  neutral  current  wave  is  made  up  of 
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a  third  harmonic  and  a  twenty-first  of  very 
small  value.  Thr  lino  curroi^.t  vrave  chape 
plainly  showD  the  effect  of  the  returning 
neutral  current.  It  is  badly  distorted  by 
the  third  harmonic,  and  also  shpwa  a 
twonty  first. 
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Oacillograni  ITo.  TO  vras  talccn  luidor  the 
same  conditioiii?  as  foi"  Ho.  19   except  that 
the  excitation  rac  changed  to  give 
coll  vol  tact-'  -   260  volts 
line  current  =  5.15  amperes 
neutral  c"-irront  =  ''  •-!  aiupcres 
Thia  change  ia  c:: citation  has  produced 
no  apparent  change  in  the  wave  siiapes. 
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With  no  load,  a  series  of  tests  was 
made  at  various  generator  field  excitations 
in  order  to  study  the  effect  on  the  voltage 
between  neutrals  caused  by  varying  the  gen- 
erator coil  voltage.  As  in  the  tests  made 
with  the  secondary  connected  star  the  coil 
voltage  was  varied  from  140  to  £80  volts. 
Between  these  limits  the  voltage  between 
neutrals  varied  from  8  to  15.5  volts,  and 
its  rate  of  increase  ia  approximately  pro- 
portional to  the  rate  of  increase  of  coil 
voltage.  The  following  curve  shows  the  re- 
lation between  the  neutral  voltage  and  the 
coil  voltage.  These  results  are  quite  differ- 
ent from  those  obtained  with  the  transformer 
secondaries  connected  star  both  in  value 
and  rate  of  increase. 

In  order  to  know  the  effect  of  these 
changes  of  coil  voltage  upon  the  current 
circulating  in  the  delta  of  the  transformers 
an  ammeter  was  placed  in  one  side  of  the 
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delta,  and  the  value  of  current  circulati^i^ 
at  each  value  of  coil  voltage  vras  noted. 
These  values  are  plotted  with  delta  current 
as  ordinates  and  coil  voltage  as  abscissas. 


Coil  vo 

Itage 

Neutral  volt. 

Delta  Amps 

140 

8 

.27 

160 

9.4 

.33 

180 

10.7 

.394 

200 

11.7 

.448 

220 

12.6 

.51 

240 

13.5 

.566 

260 

14.5 

.624 

280 

15.5 

.680 
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Ejcporiment  No.  4. 
A  study  is  novr  made  of  the  neutral 
currents  between  No.  ?  and  IJo.  2   altornat- 
ors ,  As  a  preliminary  to  this,  oscillogramB 
are  taken  of  the  line  and  coil  voltage  waves 
of  No.  3  generator.  In  order  to  parallel 
these  machines  it  is  necessary  to  step  down 
through  transformers  from  No.  3  generator. 
The  correct  phase  rotation  is  determined, 
and  the  machines  are  synchronized  by  moans 
of  lamps.  A  small  balanced  load  of  incan- 
descent lamps  was  fed  from  the  busses.  The 
neutral  connection  is  left  open  and  oscill- 
ograms are  taken  of  the  coll  voltage,  volt- 
age between  neutrals,  and  line  current.  The 
neutral  is  then  closed  and  the  vrave  shape 
of  the  neutral  current  is  taken  along  with 
that  of  the  line  current  and  of  coil  volt- 
age. 
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Ogcillogram  No.  21  nhows  the  wave 
shapes  of  coil  and  line  volta(i;e  of  altortor- 
nator  No.  3  operating  without  load  and  londer 
normal  conditiona. 

Both  waves  are  practically  sine  waves 
although  a  small  twenty-third  harmonic 
shows  in  each  . 
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Osoillogram  No.  22  Ib   a  photograph  of 
the  wave  shapes  of  coil  voltage  ,  line  cur- 
T'snt  ,  and  voltago  between  neutrals  taicen 
with  No.  2   and  No.  3  alternators  operating 
in  parallel  and  supplying  a  small  lanp  load. 

The  values  were  - 

Coil  voltage  =  G5.5  volts 

Neutral  "    =  10     " 

Line  current  =  23. S5  amperes. 

In  general  the  coil  voltage  wavo  is 
shown  to  be  a  combination  of  the  coil  voltage 
waves  of  the  two  machines  as  shown  in  oscil- 
lograms No.  21  and  1.  The  twenty-third  har- 
monic from  alternator  No.  3  still  appears 
but  the  wave  shape  is  quite  similar  to  the 
wave  of  alternator  No.  2  although  the 
thirteenth  harmonic  is  not  distinguishable. 
The  line  current  wave  also  shows  a  twenty- 
third  hamonlo.  The  neutral  voltage  wave  is  cop- 
posed  chiefly  of  a  tliird  Jiarmonic  There  is 
also  a  ninth  harmonic  plainly  showing  and 
a  very  small  fundamental. 
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Oscillogram  No.  P3  shows  the  effect  of 
closing  tiio  neutral  connoction  between  the 
two  alternators  operating  iindor  the  same 
conditions  as  for  oscillogram  No.  S2.  The 
values  were  - 

Line  current  =  23.5  amperes 
Neutral   "    =   8.85 

This  lias  caused  practically  no  cliange 
in  coil  voltage  and  line  current  wave  shapes. 
The  neutral  current  wave  shape  has  been 
clianged  from  that  shown  in  oscillogram  No. 22 
by  a  reduction  in  the  comparative  value  of 
the  ninth  harmonic. 

Tne  line  current  wave  shapes  shown  in 
oscillograms  Nos.  22  and  23  are  of  the  load 
current  and  not  that  between  alternators. 
This  accounts  for  the  fact  that  the  line 
current  wave  shape  did  not  change  its  shape 
when  the  neutral  connoction  was  closed. 
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In  general  ,  these  tro  diasimilar  ma- 
oiiines  operating  in  parallel  have  shovm  no 
pointa  different  than  vrcre  ahoTm  "by  IToa.  1 
and  f?  alternators  operating  in  parallel. 


49 


\  ■ 


ExperiT.ent  No.  5. 
In  order  to  atudy  tlio  neutral  current 
and  voltage  "botween  a  throo-p&aso  gonerator 
connected  star  to  a  three-phase  tranaforinor, 
No.  3  generator  is  connected  star  to  the 
high  side  of  a  three-phase  core  type  trans- 
former, and  the  lo-vr  side  of  the  transform  er 
which  ic  connected  delta  is  left  open*  V/ith 
the  neutral  connection  open  the  shapes  and 
values  of  the  line  voltage,  coil  voltage, 
and  neutral  voltage  are  taken.  Then  the  neu- 
trals are  connected  and  the  value  and  shape 
of  the  line  voltage,  coil  voltage,  and  neua 
tral  current  are  taken.  For  a  comparison  the 
same  tests  are  nade  using  Ho.  2  generator 
stepped  up  through  three  siugle-phaoo  trans- 
formers instead  of  No.  3. 
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Oscillogram  TTo.  f?4  sliowo  tiie  wavo  dhapca 
Ox  lino  voltago,  coil  voltage,  and  voltago 
"between  alteriiator  and  transformer  neutrals. 
The  line  and  coil  voltage  waves  ahow  the 
presence  of  a  twenty-third  haraonlc.  The 
neutral  voltage  wave  is  made  up  principally 
of  a  third  harmonic,  although  a  fundamental, 
a  ninth,  a  fifteenth,  and  a  twonty-firat  are 
alco  evident.  The  values  of  voltage  are 
line  voltage  =  ir^50  volts 
coil  voltage  =  780  volts 
neutral  voltage  =  19  volts 
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With  the  o  onnectiona  the  saino  as  for 
No.  24,  the  neutral  connection  was  closed 
and  oooillogran!  No,  "5  taken.  The  wavo  shapes 
are  of  line  voltage,  coil  voltage,  and  neu- 
tral ctarrent. 

line  voltage  =  1350  volts 
coil  voltage  =  730  volts 
neutral  current  =  .04  amperes 
The  line  and  coil  voltage  shapes  have 
not  "becii   affected  by  connecting  the  neu- 
trals .  The  neutral  current  wave  shape  is 
practically  the  same  as  the  shape  of  the 
neutral  voltage  wave  which  caused  it. 

These  two  tests  give  results  for  a  com- 
parison with  the  results  obtained  in  Exper- 
iment TIo.  7.   when  operating  the  same  alter- 
aator  connected  star  to  a  set  of  three 
single-phase  transformers,  77ith  the  single- 
pliaso  transformers  operating  at  about  IPS 
per  cent  of  their  normal  voltage  the  dif- 
ference in  volta;re  between  their  neutral 
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point  and  the  alternator  neutral  'vae  110 
volts  as  shown  by  the  data  on  pa^^o  7-G   of 
Experiment  ^To.  3  and  by  the  curve  which  fol- 
lows .  The  neutral  current  for  the  same  exci- 
tation was  about  7  »C.   araperos.  The  value  of 
110  volts  between  neutrals  amoLmts  to  23.5 
per  cent  of  the  line  voltage. 

TJith  the  three-phase  tranafor.iier  oper- 
ating at  about  IPr  per  cent  of  its  normal 
voltage  the  voltage  between  neutrals  was  19 
volts  or  only  1.41  pen  cent  of  the  line 
voltage.  The  neutral  current  was  only  .04 
amperes  as  compared  to  7,5  araperos  in  the 
former  test. 

In  order  to  make  a  further  comparison, 
No.  2   generator  and  a  set  of  step  up  trans- 
formers was  used  with  the  three-phase  trans- 
foriaer  and  oscillograms  of  line  v^lta^e, 
coil  voltage,  neutral  voltage,  and  neutral 
current  were  obtained. 
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VJith   the  oorxnections  as  outlined  on 
the  precodins  page  osoibllogram  ITo.  27   was 
taken.  It  ahoTvs  the  wave  shapes  of  line 
volta-e,  coil  voltage,  and  neutral  voltage. 
The  line  and  coil  volta-^e  waves  laavo  a  thir- 
teenth harmonic  present.  Their  values  at  the 
time  the  photograph  Tras  tal:en  were 
line  voltage  =  1400  volts 
coil  voltage  =  310  volts 
neutral  voltage  =  5  volts 

The  neutral  voltage  wave  is  composed 
chiefly  of  a  fundamental.  There  are  also 
present  a  third  and  a  thirteenth  harmonic. 
This  is  the  first  ti-.e  in  the  entire  set  of 
experiments  whore  an  oscillogram  shows  a 
harmonic  in  the  neutral  voltage  other  than 
a  third  or  a  multiple  thereof.  The  presence 
of  this  thirteenth  harmonic  in  the  neutral 
voltage  •^avc  is  accounted  for  in  the  same 
manner  as  that  of  the  f lindaraental .  This  was 
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explained  in  tho  discMsoion  of  OGcinogram 
llo.    6  Experiment  !7o.  1. 

In  thin  tost  tlio  neutral  voltage  in 
only  ,35  percent  of  tho  line  volta-e  witli 
the  trKnpformer  operating  at  127  per  c"nt 
of  it?  norinal  voltage  rating. 
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Oscillogram  TTo.  26   was  taken  xinder  tho 
same  conditiona  ao  those  for  No.  C7  excepL 
that  the  neutral  connection  was  closed  and 
the  neutral  current  wave  shape  obtained  in 
place  of  tho  neutral  voltage  v:ave  shape.  The 
values  were 

lino  voltage  =  1400  volts 
coil  voltage  =  81 0  volts 

The  value  of  the  neutral  current  was 
so  small  that  it  could  ^ot  be  measured  with 
a  very  low  reading  aironeter  used  with  a  20  :1 
current  transf orm-r. 

The  wave  shapes  are  practically  the 
same  as  in  V.o.  27.  They  all  show  a  thir- 
teenth hainiionic  quite  distinctly. 
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Durinj^  these  four  toata  the  aooondary 
of  the  thi'cc-phiao  traiinformer  wan  left  open 
so  that  no  secondary  current  :ni<3ht  flow 
throui^h  the  delta  aad  affect  the  primary 
side.  Thin  condition  is  equivalent  ot  the 
star  connected  secondary  as  used  in  Exper- 
Inont  No.  3. 

These  tosta  show  that  \7ith  the  three- 
phase  core  typo  tranafonaer  the  tendency  ia 
to  eliminate  any  exchange  of  neutral  current 
between  the  alternator  and  tranafornier  neu- 
trals, TJhen  operating  a  star  co'nnected 
three-pl'-a.^e  alternator  with  a  sot  of  sin^'^lo- 
phase  transf or-aera  tho  third  hanao'".ic3  in 
each  CDil  are  in  time-phase  and  their  values 
add.  This  combined  triple  frequency  voltage 
forms  t"nc  greater  part  of  the  I^nf .  wliich 
causes  the  neutral  current  to  flow.  This 
has  been  shown  in  almost  every  oacillograra 
of  the  procedir-s  oxporiTnontn . 
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The  following  diGcuBsion  will  show  how 
the  three-phaao  ooro  type  traiinf  ^r.-nor  eiiia- 
iiiates  thi:^  third  harmonic  and  thoroby  prac- 
tically eliminates  the  corront  flowing  in 
the  neutral.  The  accompanving  blue  print 
represents  the  most  sirr»ple  form  of  a  threo- 
phase  star  connected  core  type  traasfonaer 
connected  to  an  alternator.  Suppose  in  the 
voltage  generated  in  each  coil  of  the  altor- 
nator  thore  appears  along  with  the  fimd- 
aaental  voltage  rave  a  wave  of  triple  fre- 
quency voltage.  In  the  transfer 'or  coila 
these  three  triple  frequency  voltages  are 
in  tii.ic-phase  and  equal  in  value.  Let  ^^, 

E,  ,  and  E  ,  represent  those  voltages  in 

b  c 

coils   iUi,    BIT,    and   C::   rocpectivoly . 

Considcriiig  first   the   effect:^   of   the 

voltage  S    ,   we  inay  assiune   tlmt   the  fluz 

which  it  produces  divides  equally  in  the 

coref^    0^   and   C    .    The  win-^inga  being  symiaet- 
b  c 
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rlcal,    tii3.^9   filuicea   in  0,    anJ    C^   induce   in 

be 

tho  windings   aro'^ind   tiieso   coi-oj   a  volt-agc   eb 

eacli  equal   to  ono-half   the   value   of  E   ,    and 

a 

which  l3  opposed  to  the  applied  triple  fre- 
quency voltage.  In  the  aame  raaniier  S-Linducoa 
voltages  of  one-half  its  value  in  the  coils 

around  C   and  C  .  Also  E   induces  voltages 
ace 

in  the  coils  arov.nd  C  and  C,  equal  to  one- 
half  its  value.  In  all  cases  these  induced 
voltages  oppose  the  applied.  That  is,  triple 
frequency  voltage  generated  in  the  machine 
is  at  once  opposed  "by  an  equal  triple  fre- 
quency voltage  in  the  transfonrier.  Therefore 
the  neutral  current , which  is  composed  chief- 
ly of  triple  frequency  harmonics  caused  by 
these  unopposed  triple  frequency  voltages, 
does  not  circulate. 
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Sximmary, 

These  experiments  have  brought  out  the 
following  facte: 

If  for  any  reason  the  neutral  current, 
which  is  made  up  of  tho  third  harmonic  and 
miiltipleo  thereof  flowing  between  two  alter- 
nators operating  in  parallel,  or  betwoon  an 
alternator  and  a  set  of  transformers  is  Inc- 
reased, the  third  harmonic  increases  at  a 
greater  rate  than  its  multiples  do. 

An  increase  in  the  difference  of  field 
excitation  of  two  alternators  operating  in 
parallel  also  increases  the  Emf.  appearing 
between  their  neutral  points. 

The  coil  voltage  wave  of  an  alternator 
or  transformer  may  contain  any  odd  hai'noriic, 
but  only  the  odd  harmonics  other  than  the 
third  and  its  multiples  can  exit't  in  !  he 
line  voltage  wave. 

The  effects  of  core  and  shell  type 
transf orniers  on  the  line  and  neutral  cur- 
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rents  are  practically  the  same. 

The  operation  of  aotfl  of  single-phaae 
transformers  -  both  sides  being  connected 
star  -  at  higher  voltagoa  tlian  normal  tends 
to  increase  the  flow  of  current  between  the 
transformers  and.  the  alternator.  Up  to  nor- 
mal value  of  voltage  the  increase  of  voltage 
between  neutrals  is  neax^ly  proportional  to 
the  increase  of  coil  voltage.  Beyond  this 
point  the  ratio  of  the  rate  of  increase  of 
the  voltage  between  neutrals  to  that  of  the 
coil  voltage  rapidly  increases.  If  tho  sec- 
ondaries are  connected  delta  the  neutral 
current  flowing  between  the  alternator  and 
the  transformer  primaries  is  greatly  de- 
creased and  the  rate  of  increase  as  the  al- 
ternator voltage  is  raised  is  practically 
constant.  This  decrease  in  neutral  current 
is  evidently  caiised  by  the  current  circu- 
lating in  the  secondaries  which  are  con- 
nected delta. 
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Due  to  the  magnetic  action  witi:in  the 
core  of  a  three-phase  core  type  transformer 
the  neutral  current  flowing  between  its  neu- 
tral and  that  of  the  alternator  ia  practic- 
ally eliminated. 
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